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SOMKAHZ 

The purpose of the tests mode were twofold: (a) To deter- 
mine the relationships for estimating the maximum amount of a 
water-soluble gasoline additive that will diffuse from the gaso- 
line to the water when the fuel is stored over water and (b) to 
determine from these relationships the amount of xylidines that 
will diffuse from the gasoline to the water in an overwater— 
storage systemo A physical expression for the loss of water- 
soluble additive was derived for each of the following conditions 
of storage- tank operations 

(1) Equilibrium distribution of additive between the two 
layers la nearly attained during the period between successive 
additions or withdrawals of the fuol but, during the actual addi- 
tion or withdrawal of fuel, no significant transfer of additive 
occurs between the gasoline and water layers. 

(2) Equilibrium distribution of additive between the gaBOline 
and the water layers exists at all times. 

The estimated values of xylidines concentration in fuel stored 
over water wore chocked against such experimental data that exist. 

The derived formulas for estimating the loss of water-soluble 
additive in ovorwater gasoline storage check reasonably well with 
the experimental data available* 

The estimated loss of xylidines from gasoline stored over 
water for the conditions of storage- ay at em operation indicated 
aro as follows I 
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PERCMTAG2 DECREASE 07 ORIGTflAT. CONCENTRATION OF XTLIDHJES Iff GASOLINE 
[Distribution coofficient, E = 20j 
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Each, batch removed, 


Single batch . 
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The data indicate that the losses of xylidines from gasoline stored 
over water would not be excessive provided that not more than SO 
percent of the fuol was replaced by xylidine-freo water* 



INTRODUCTION 

When gasoline containing a water-soluble additive, such as xyl- 
idines or anothor aromatic amine, is stored in contact with water as 
is the case in the widely used overwat or- storage systems, tho water 
extracts a certain amount of tho additive from tho gasolino* This 
report presents relationships for estimating the concentration of 
additive as a function of the volume of gasoline stored in an over- 
wator system and evaluates from theso relationships tho suitability 
of xylidine-bl ended fuel for overwator storage* 

Although it is unlikely that a single satisfactory equation for 
use under all conditions encounterod in practice can be written, 
certain assumptions permit mathematical derivations of expressions 
for the concentration of additive in fuol stored over water* An 
expression for the concentration of sylidines in gasoline storod 
over water had previously been given in a memorandum by the Petro- 
leum Administration for War. One object of the present analysis 
is to determine a suitable expression that covors a wider nnge of 
situations than does the equation presented in this memorandum* 

A secondary object of the analysis is to present an equation 
that can be applied to the operation of tho ovorwater- storage system 
whore numerous very small batches of fuel are successively ronovod 
from the tank, for example, in servicing aircraft directly from a 



3 



luge overwater-storage tank* The results of a test on a full-- 
scale, overwater-storage system oonducted with xylidine-'blended 
fuel "by the Army Mr forces (Hep* No* Sin^-57-531-2l6) provide an 
Incomplete check on" the derived relationships for additive con- 
centration.' 

The analysis waB performed at the Aircraft Engine Research 
Laboratory of the national Advisory Committee for Aeronautics 
during June 19^3 and January 19^!-* 



ANALYSIS 

In the operation of an overwater- storage- system tank, fuel is 
withdrawn from the tank "by adding water at the "bottom of the tank 
and fuel is added to the tank "by the removal of storage water from 
the tanko The tank contains two phases, one of gasoline and one 
of water, and is full of liquid at all times« 



Assumptions 

In the determination of the expressions for the concentration 
of additive in fuel stored over water at any volume of fuel, tho 
following assumptions apply to the analyses: 

1. When equilibrium conditions are reached, the diet Titration 
law applies to the additive; namely, the ratio "between the concen- 
trations of tho additive in the two phases of tho gasolino-water 
systcmi is constant at constant temperature* The ratio is described 
as the distribution coefficient and defined as 

j. additive concentration in gasolino phase 
additive concentration in water phase 

This constant must he experimentally determined for each addi- 
tive* It varies with tomperaturo of the fuel and water and with 
tho nature of the fuel* Any variation in the distribution coeffi- 
cient caused "by additive concentration may be assumed to he negli- 
gible in the range of concent rations produced by the distribution 
process. 

2. Tfca volume of tho additive itsolf , when prosont to tho 
oxrbont of 2 or 3 porcont or loss, is negligible by comparison with 
tho volumos of gasolino and vat or* Tho equilibrium concentration 
is the minimum concentration of additivo in the fuol at tho volume 
in question* 



Symbols 

The following symbols are usod in the analyses: 

E gasoline-water distribution coefficient (experimentally deter- 
mined) 

X concentration of additive in gasoline beforo addition or removal 
of portion of fuol 

Z> concentration of additivo in gasolino after addition or romoval 
of portion of fuol (at equilibrium) 

7 volume of storage tank 

Vg volume of fuol in tank boforo addition or removal of portion 
of fuol 

Vg' volumo of fuol in tank aftor addition or removal of portion 
of fuel 

7 V volume of water in task bofore addition or removal of portion 
of fuel 

T v ' volumo of wator in tank after addition or removal of portion 
of fuel 

Yf volume of fuel addod or withdrawn (Vf « T g ' - Vg) 
Z concentration of additive in fuel added or withdrawn 
I concentration of additivo in water added or withdrawn 



Derivations 

Because the manner In which an overwater-storage system is 
operated is one of tho most important variables influencing the 
additive concentration in the stored fuel, tvo oasos representing 
two very different operating procedures have been studied* 

Oaae 1> — Case 1 is intended to apply to successive additions 
or withdrawals of fuel stored in contact with water when an appre- 
ciable period of time has elapsed bet wo on each addition or with- 
drawal. 



This situation will be approximated by assuming that, during. - 
the actual addition or withdrawal of fuel, no additive is trans- 
ferred between the gasoline, and., water .phases but that equilibrium 
distribution of additive between the two phases is attained during 
the porlod between successive additions or withdrawals of fuel. 
ThiB assumption is made on the basis that the rate of diffusion of 
additive between the two phases is slow. Obviously, the longer the 
period between additions or withdrawals of fuel, the more precisely 
will the equation agree with the actual situation. (Quantity of 
additive in gasoline after addition or withdrawal of fuel but before 
equilibrium) + (quantity of additive in water after addition or with- 
drawal of fuel but before .equilibrium) » (quantity of additive in 
gasoline after oquilibrium) + (quantity of additive in water after 
eauilibrium) . 




If the terms are expanded and collected 

KXV„ + KZT. + XV - KTV> 

X' = —1 1 £ L (2) 

KT + KV f + V v - V f 



which is for general use. 



If fuel 1b displaced from the tank by fresh water, Z = X, 
0, V g ' » V g + T f , and T w ' = V w - Vf. Then 

s 



t I T * * "A (3) 



Cas e 2,_ -» Case 2 applies to successive small withdrawals of 
overwater stored fuel ever an appreciable length of time. In order 
to approximate thiB situation, it is assumed that equilibrium dis- 
tribution of additive between ganolino and water erdsts at all -times. 
An equation of thiB sort permits evaluation of additive concentration 
undur circumstances where withdrawals of fuel have been small, com- 
pared with the tank capacity, but very numerous. The equation may 
thus be considered as the result of applying the oquations of case 1 
to an infinite number of steps, with equilibrium established be- 
tween each step. (Quantity cf additive in fuel stored over water) + 
(quantity of additive In water) n (quantity cf additive in stored 
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fuel before removal of small Increment) + (quantity of additive 
in water before addition of increment of fresh water) + (quantity 
of additive removed in small increment of fuel). Let Ax 3 X 1 - 

x'V + '" M F" - x« .- ax ^v g « - Av e ^+( | ry( V- AT w y (I' -AX) A7, 



g 



If second-order differentials are removed, equation (4) can be 
expanded and simplified: 



-X' AV W = (KTg« ' + 7 W « ) AX (5) 
But**Av w m AVg and 7 W ' « 7 - 7 g '. Therefore, 

AX A7 e (6) 

X» * 7 g « (X - 1) + 7 

3y integration from any concentration X and volume 7 to X' and 

V i 8 

/■V (X- l)+7\ 
DISCUSSION 

Recently a full-scale, overwater-storage teat of xylidine— 
blended fuel was conducted by the Army Mr Forces. In this test, 
810^ gallons of aviation fuel were stored in a water-displacement 
tank of 25 ,000-gallon capacity and immediately samples and analyzed. 
Periodically, the stored gasoline was sampled and analyzed and part 
of the stored fuel was removed. Because the process is a "batch" 
process, equation (2) is applicable. The test provides an evalua- 
tion of the equation for the particular conditions. 

For an assumed average temperature of the tank contents of 
about 65 0 F and for fuel displacement with fresh water, a volume 
distribution coefficient of 17 was selected for xylidinee from 
reference 1. 

Table 1 compares the results of the full-scale, water-system 
test with the equilibrium concentration as calculated from equation 
(2). For this particular test, the calculated results agreed well 
with the experimental data. 
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' TABLE 1. - STORAGE- SYSEHM TESTS 



Sample taken 8. 


May 27 


June 7 


June 19 


July 3 


July 13 
19U3 


ffuel in tank "before 
removal 01 Daton, 
gal 


8105 


8105 


6105 


2105 


1105 


Water in tank "before 
removal of "batch, 


16,895 


16,895 


18,895 


22.895 


23,895 


Tuel removed, gal 


(fuel placed 
in storage 

oiifl 4* Am 1 

b v ©m j 


2000 


1*000 


1000 


1105 


iylidinea, 
grams/ 100 ml 
(electrometrically) 


1.05 

Mean TToi 


00 


0.9U 

,826 
.826 
.82 


0.825 
.83 


0.S15 
.82 

(c) 


^Equilibrium concen- 
tration, Z* 


( calculated 
from equa- 
tion (2)) 


^.goo 


e 0.8S6 


0.825 


0.806 



Analysis indicated under each date is prior to removal from the 
storage tank of the quantity of fuel indicated under that date. 



Sample vaB inadvertently mixed with some xylidine-f ree fuel. 

The fuel stored over water gave a negligible decrease in knock 
ratings, 

^Sample calculation for run on June 7. - Because the tank contained 
no fuel prior' to the addition of the 8105 gallons on Hay 27, 
T g = 0, X = Q, and Y = 0. Therefore, from equation (2) 

• 

X' . (II) ( 1.01) (810 5) 

fi7r(8io5)' + 25 • oco - 8105 

■ 0.903 (equilibrium concentration attained on 
'standing) 

e Sample calculation for run on June 19. - In this case, Z»I and 
7 a 0. Equation (2) therefore becomes equation (3) and 

yj . 0 qno 6 6 - i g 95.+j:i7l_(fil05l > \ 
1 " °' 900 V,lS,895+ (17) (6i05)y 

. 0.886 
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figure 1 shows normally anticipated additive concentration in 
fuel stored over water for three different types of operation of 
overwatei— storage tanks. A volume distribution coefficient of 20 
is assumed, inasmuch as experimental values ranged from 13 to 26 for 
xylidines (reference l) . One of the curves represents fuel dis- 
placed from a full tank in successive small increments over a period 
of time sufficiently long for equilibrium to exist at all times; it 
is a plot of equation (7). curve that indicates the concentra- 

tions expected if fuel Is displaced from a full tank in successive 
quantities (each 10 percent of the total tenk volume) and if equilib- 
rium exists between fuel withdrawals is derived from equation (2). 
The curve for a single batch removed shows the concentration expected 
if fuel is displaced from a full tank in a single, fairly rapid opera- 
tion with equilibrium established only after the withdrawal operation; 
it also shows the resulting concentration when a batch of fuel is 
added to a tank containing additive-free water. 

Under most circumstances, loss of an additive with a distribu- 
tion coefficient of about 20, such a? xylidines, by extraction with 
storage water will not be severe. Excessive loss of xylidines from 
the fuel to storage water will occur when the tank contains a ratio 
of xylidlne-free water to fuel in oxcess of about U:l. Consequently, 
use of a small batch of fuel remaining after the previous withdrawal 
of 80 percent or more of the stored fuel end storage over addltive- 
free water of a volume of fuel 20 percent or less of the tank volume 
are to be avoided. 

The equations presented will apply only to the extent that the 
assumptions made in deriving the equations pertain to the particular 
application. In practice, varying temperature, varying gascline- 
water interface area, and varying frequency and quantity of additions 
and withdrawals of fuel make it practically impossible to know the 
exact distribution relationship of xylidines, rr any ad.ditive, between 
the gasoline and water phases at all times. The equations, never- 
theless, do provide useful approximations. 



SD1MAET C7 RESULTS 

The derived f?rmulas for estimating the loss of water-soluble 
additive in overwater gasoline storage check reasrnably well with 
the experimental data available. 

The estimated loss of xylidines from gasoline stored over water 
for the conditions of storage-system operation indicated are as 
fellows: 
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PERCENTAGE DECREASE OT ORIGINAL XYLIDINES CONCENTRATION IH GASOLINE 
[^Distribution coefficient, K - 20] 



Volume percentage 
of original fuel 
remaining in tank 


Condition 


Continuous 
equilibrium 


Each batch, removed, 
10 percent of tank 
volume 


Single batch 
removed 


80 
50 
20 
10 
1 


1 
3 
7 

10 

ih 


1 
k 
8 
12 
19 


1 
U 

17 
31 
85 



CONCLUSION 

The data indicate that the losses cf xylidines from gasoline 
stored over water would not be excessive provided that not mere th a n 
80 percent of the fuel was replaced "by aylidine-f ree water. 

Aircraft Engine Research Laboratory) 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, March 18, igUh. 
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